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Purpose: Patients with chronic venous insufficiency (CVI) were evaluated from the aspect 
of ambulatory venous function using near-infrared spectroscopy (NIRS). 
Methods: Seventy-two primary varicose veins of 59 patients (varicose group) and 20 
normal imbs of 13 volunteers (normal group) were studied. The affected limbs of the 
patients were divided into three groups according to the classification advocated by an 
International Consensus Committee in 1995: mild CVI with class 2 or 3 (50 limbs); 
moderate CVI with class 4 (11 limbs); and severe CVI with class 5 or 6 ( 11 limbs). All of 
the patients underwent a treadmill walking test, during which NIRS was applied. 
Oxygenated hemoglobin (OxyHb) and deoxygenated hemoglobin (DeoHb) were contin- 
uously measured by NIRS during exercise. The ambulatory venous retention index 
(AVRI) obtained from serial changes in DeoHb was assessed comparatively in the four 
groups (normal and mild to severe CVI). In addition, 19 limbs in 13 patients were 
evaluated with air plethysmography for comparison with the data obtained by NIRS. 
Results: Two distinct patterns of DeoHb change were observed. During exercise, the 
DeoHb level decreased in the normal group as a result of calf muscle contraction, whereas 
in the varicose group the DeoHb level rose because of an apparent venous reflux into the 
calf muscles. AVRI studies demonstrated a significant difference (p < 0.0001) among 
groups. Although there was no apparent relationship between AVRI and ejection frac- 
tion, AVRI showed a significant correlation with the venous filling index (r = 0.61) and 
a weak correlation with the residual volume fraction (r = 0.41). 
Conclusion: NIRS is useful for accurately assessing ambulatory venous dysfunction in 
patients with primary varicose veins. (J Vase Surg 1997;26:53-60.) 
Venous blood flow in the lower limbs is produced 
mainly by calf muscle pump function and is regulated 
by venous valvular function. 1 Our study was con- 
ducted on the basis of the following premises: (1) 
movements of the calf muscle pump provoke an 
increase in venous flow; and (2) even in patients who 
have chronic venous insufficiency (CVI), the level of  
venous retention may improve while walking. How- 
ever, some patients who have CVI complain of lower 
extremity heaviness or a dullness sensation even 
while walking. 
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Duplex scanning and plethysmography are com- 
monly used to evaluate the venous function in CVI. 
However, it is difficult to assess venous insufficiency 
during walking exercise with these methods. Near- 
infrared spectroscopy (NIRS) is a new technique that 
allows measurement of changes in deoxygenated he- 
moglobin (DeoHb) and oxygenated hemoglobin 
(OxyHb) in tissue, noninvasively, regardless of the 
patient's movements. NIRS measurements are based 
on the relative ease with which near-infrared light 
passes through tissues, being significantly absorbed 
primarily by OxyHb and DeoHb.  Because OxyHb 
and DeoHb have different absorption spectra in the 
near-infrared region, it is possible to calculate the 
relative changes in each molecule based on the 
changes in absorbance at specific wavelengths. 2 We 
hypothesized that because very little DeoHb exists in 
the arterial system, the DeoHb concentration may be 
understood to reflect dynamic hanges in the venous 
system so long as normal arterial flow is preserved. 
53 
JOURNAL OF VASCULAR SURGERY 
54 Hosoi et al. July 1997 
Therefore, we applied NIRS to patients with CVI 
and studied venous function during walking exercise. 
The aim of this study was to assess ambulatory ve- 
nous function and to correlate the degree of venous 
retention during walking exercise with clinical se- 
quelae, such as ulceration, chronic swelling, and skin 
changes (lipodermatosclerosis, eczema, pigmenta- 
tion), and finally to determine the accuracy of NIRS 
in objectively evaluating the severity of CVI. 
MATERIALS AND METHODS 
Patients. Seventy-two legs of 59 patients with 
primary varicose veins with or without deep venous 
valve incompetence were studied from January 1995 
to September 1996 (varicose group). The patients 
consisted of 13 men and 46 women with a mean age 
of 55.6 years (range, 32 to 79 years). Twenty legs of 
13 healthy volunteers (five men and eight women; 
mean age, 48.5 years; range, 25 to 69 years) with no 
history of  venous thrombosis or venous surgery and 
no evidence of clinical venous disease were also stud- 
ied (normal group, class 0). There was no significant 
difference between the normal group and the vari- 
cose group in either age or gender. Chronic venous 
obstruction was excluded by ascending phlebogra- 
phy because the aim of this study was to assess the 
effect of venous rcflux without interference from 
other causes of venous hypertension. 
In the varicose group, the patients were classified 
according to the clinical severity of their condition 
following the guidelines proposed by an Interna- 
tional Consensus Committee associated with the 
American Venous Forum in 19953: class 0, no visible 
or palpable signs of venous disease; class 1, telangiec- 
tases, reticular veins, or malleolar flare; class 2, vari- 
cose veins; class 3, edema without skin changes; class 
4, skin changes uch as pigmentation or lipoderma- 
tosclerosis; class 5, skin changes with healed ulcer- 
ation; and class 6, sldn changes with active ulcer- 
ation. For practical purposes, the patients who 
belonged to the varicose group were divided into 
three groups: a mild CVI group made up of those 
with clinical severity class 2 or 3, a moderate CVI 
group composed of those with class 4, and a severe 
CVI group consisting of those with class 5 or 6. This 
major division is based on the presence or absence of 
skin changes or ulceration. Thus four major groups, 
the three CVI groups and the normal group, were 
compared. For the patients as a whole, clinical exam- 
ination provided the following distribution: normal 
group (class 0), 20 legs; mild CVI group (class 2 or 
3), 50 legs; moderate CVI group (class 4), 11 legs; 
severe CVI group (class 5 or 6), 11 legs. None of the 
patients had ischemic symptoms associated with arte- 
rial diseases, and all had either palpable pedal pulses 
or an anlde-brachial pressure index greater than or 
equal to 1.0. 
Measurements. The optrodes of a near-infrared 
spectrometer (Shimadzu Co. Noninvasive Oxygen- 
ation Monitor, OM-100A, Japan) were positioned 
on the posterior aspect of the calf. The accuracy of 
this spectrophotometer was reported previously. 4 
The light guide and the near-infrared detector were 
applied to the skin 4 cm apart longitudinally with a 
bandage. All of the patients underwent a treadmill 
walldng test with simultaneous NIRS. The treadmill 
walldng test was performed on a 12% gradient, at a 
speed of 2.4 km/h,  for S minutes. DeoHb and 
OxyHb were continuously measured by NIRS dur- 
ing rest periods, while exercising, and after exercise. 
Nineteen legs in 13 patients were also evaluated 
by air plethysmography (APG) for comparison with 
the NIRS data (class 2, six limbs; class 3, eight limbs; 
class 4, two limbs; class 5, three limbs). The air 
plethysmographic examination (ACI Medical, Inc., 
Sun Valley, Calif.) was performed according to the 
protocol described by Christopoulos et al. s A poly- 
urethane cuff was placed around each limb and in- 
flated to 6 mm Hg. The leg was elevated to 45 
degrees to empty the venous system. After a stable 
baseline had been reached, the patient was instructed 
to quicldy stand up with full weight on the opposite 
leg. The volume change from the supine to the 
standing position was recorded as the functional ve- 
nous volume (W) .  The venous filling index (VFI) is 
calculated by dividing 90% of the W (90%VV) by 
the time required to reach 90%W (VFT90); VFI = 
90%W/VFT90.  The VFI is expressed in milliliters 
per second and is a measure of the average venous 
filling rate. A single tiptoe movement on both feet, 
followed by the return of all weight to the opposite 
leg, was performed by each subject to obtain the 
ejection volume (EV). The ejection fraction (EF) was 
then calculated by the following formula: EF = EV/  
VV × 100 (%). The patients were instructed to per- 
form 10 tiptoe movements followed by a return to 
the original standing position. The residual volume 
(RV) represents the difference between the baseline 
volume and the volume after 10 tiptoe movements. 
The residual volume fraction (RVF) was calculated 
as: RVF = RV/VV X 100 (%). 
The statistical methods used in this study in- 
cluded calculation of the mean _+ standard eviation. 
Differences between means of NIRS data were tested 
by analysis of variance (ANOVA) with post hoc test- 
ing by Scheffe's F test because the amount of avail- 
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Fig. 1. Patterns of serial changes in OxyHb and DeoHb. A difference in waveform was 
apparent between the normal and varicose groups. 
able data differed among groups. Correlations be- 
tween the NIPS and APG measurements were 
calculated using Pearson's correlation coefficient 
method. All measurements were conducted after ob- 
taining informed consent from the participants. 
RESULTS 
Serial changes in DeoHb showed two distinct 
patterns in this study. In the normal group, the 
DeoHb level decreased as a result of calf muscle 
contraction during exercise, then gradually returned 
to baseline after exercise. In the varicose group, the 
DeoHb level decreased in the early phase of exercise, 
then rose because of an apparent venous reflux into 
the calf muscles as the exercise continued (Fig. 1). In 
the patients who had superficial venous insufficiency 
alone, the NIPS measurements were normalized by 
the application of a tourniquet, which compressed 
the superficial veins (Fig. 2). 
The ambulatory venous retention index (AVRI) 
was examined as a parameter obtained from the serial 
changes in DeoHb. AVRI was defined as follows 
(Fig. 3): AVRI = rise from the bottom to the new 
plateau (R)/fall from the baseline to the bottom (E). 
The results obtained by calculating AVRI values were 
stratified according to the clinical severity of venous 
disease and are shown in Table I. AVRI studies dem- 
onstrated significant differences between groups, as 
analyzed using ANOVA (p < 0.0001). In comparing 
each two groups, the mean AVKI of the normal 
group was found to be significantly lower than that 
of the mild CVI group (0.411 -+ 0.208 and 1.072 -+ 
0.562, respectively; p = 0.015). Moreover, there was 
a significant difference between the mild and the 
moderate CVI groups (1.072 _+ 0.562 and 2.483 -+ 
1.136, respectively; p < 0.0001). However, the 
mean AVRI of the severe CVI group was not signif- 
icantly different from that of the moderate CVI 
group (2.474 -+ 1.418 and 2.483 + 1.136, respec- 
tively). 
The limbs in the mild CVI group were divided 
according to class, that is, without leg edema (class 
2) and with leg edema (class 3), and were compared 
with those of the normal group (class 0). The data 
are shown in Table II. ANOVA comparisons among 
these three groups (classes 0, 2, and 3) revealed 
significant differences in the mean AVRI value (p < 
0.0001). The mean AVRI of class 0 was significantly 
different from that of class 2; moreover, there was a 
significant difference between classes 0 and 3, and 
also between classes 2 and 3. 
To evaluate the capacity of AVRI to differentiate 
among the clinical severities of CVI, the sensitivity 
and specificity were calculated using a critical AVRI 
value of  at least 1.5. For practical purposes, the main 
division is between clinical severity classes 4 to 6 with 
moderate or severe venous disease and classes 0 to 3 
with mild or no disorder. Thus the sensitivity and 
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Fig. 2. NIRS measurements were normalized by application of a tourniquet at thigh level in 
patients with superficial venous insufficiency alone. 
exercise 
A VRI -- R / E 
AVRI ; ambulatory venous retention index 
Fig. 3. Definition of ambulatory venous retention i dex (AVRI). 
specificity of AVRI studies in recognizing limbs as 
belonging to classes 4 to 6 were 82% and 87%, 
respectively. 
When AVRI data were compared with parame- 
ters measured by APG (VFI, EF, and RVF), a signif- 
icant correlation was recognized between AVRI and 
VFI (r = 0.61, p < 0.01). AVRI also showed a weak 
correlation with RVF (r = 0.44), but there was no 
apparent relationship between AVRI and EF (r = 
0.09). 
DISCUSSION 
NIRS has been used to monitor changes in tissue 
oxygenation, especially in the cerebral circulation. 6 
Recently, this method has been applied to patients 
with claudication who have peripheral arterial disease 
for evaluating the severity of intermittent claudica- 
tion. z However, no study has applied this technique 
to assessing hemodynamics in venous insufficiency 
during ambulation. 
Ambulatory venous pressure measurements re- 
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Table I. AVRI versus clinical severity 
A VRI 
Clinical severity No. of limbs (mean + SD) 
Normal 20 0.411 -+ 0.208* 
Mild 50 1.072 2 0.562*-[ 
Moderate 11 2.483 ± 1.136]" 
Severe l l  2.474 ± 1.418 
*Normal versus mild, p = 0.015. 
"[Mild versus moderate, p < 0.0001. 
main the gold standard for the diagnosis of chronic 
venous disease, s This technique is, however, invasive 
and cannot be repeated frequently, nor can it be used 
as a screening test. Among the noninvasive methods, 
duplex scanning and APG are in common use. 9,1° 
Duplex scanning provides an anatomical as well as 
functional means of examining all major veins of  the 
extremity, n This technique allows evaluation of the 
degree of reflux or obstruction in identified individ- 
ual veins) 2,13 Although duplex scanning has the ca- 
pacity for accurate detection and localization of ve- 
nous reflux in specific veins, reflux in the leg as a 
whole cannot be evaluated nor can the calf muscle 
pump function. In addition, duplex imaging is diffi- 
cult to obtain while a subject is exercising, for exam- 
ple, walking or rising up on tiptoes, which would 
yield more physiologically relevant information. In 
contrast, NIRS allows noninvasive and continuous 
monitoring of the state of tissue oxygenation and of  
the changes in venous blood volume even while the 
subject is walking. In this regard, NIRS measure- 
ment is thought o be a method essentially different 
from duplex scanning. NIPS thus has the potential 
to shed light on ambulatory venous function, which 
is as yet poorly understood. 
On the other hand, APG can measure reflux in 
the whole venous system of the limbs quantitatively. 
This method can also be used to assess calf muscle 
pump function by measuring the EF. 14 As numerous 
authors have reported, 5 9,1~ APG is useful as a func- 
tional test, and there is a good correlation between 
the RVF obtained from APG and the ambulatory 
venous pressure (AVP). As APG data are thought o 
correspond to NIPS measurements a a functional 
evaluation of  overall venous physiologic events, we 
conducted APG examinations a part of our protocol 
and compared the APG results with the AVRI values 
obtained by NIRS. Although there was no apparent 
relationship between AVRI and EF, AVRI showed a 
definite correlation with VFI (r = 0.61) and a weak 
correlation with RVF (r = 0.44). The difference 
between our method and APG depends on whether 
Table II. Comparison of  AVRI among 
patients with normal to mild CVI 
A VRI 
Class No. of limbs (mean ± SD) 
Class 0 20 0.411 ± 0.208 
Class 2 26 0.843 ± 0.377 
Class 3 24 1.320 + 0.629 
Classification according to "Reporting standards in venous dis- 
ease: an update" (J Vase Surg 1995;21:635-45). 
Class 0 versus class 2, p = 0.008. 
Class 0 versus class 3, p < 0,0001. 
Class 2 versus class 3, p = 0,002. 
or not the subjects are walking. Although the tiptoe 
exercise produces calf muscle contraction and is sim- 
ilar to walldng, it is neither a physiologic nor a prac- 
tical movement. The greatest advantage of  NIRS is 
that it can be used in dynamic conditions uch as 
walking, that is, it is not influenced by the patient's 
movements, and may thus provide valuable informa- 
tion regarding "ambulatory" venous function. 
In this study, we observed two distinct patterns of 
serial hemoglobin changes within calf muscle. In the 
normal group, the DeoHb level remained relatively 
low during exercise because of normal calf muscle 
pump and venous valvular functions, despite the hy- 
peremia produced by increased blood flow to the legs 
during exercise. DeoHb gradually returned to base- 
line, as a result of arterial inflow and hydrostatic 
pressure, after exercise. On the other hand, the 
DeoHb level rose to varying degrees during exercise 
in the varicose group. This indicated that venous 
retention occurred in CVI patients even while they 
were walking. It is reasonable to assume that exercise 
leads to reductions in calfVV and venous pressure in 
limbs with CVI without deep venous obstruction. 
Such observations have been described by several 
investigators using APG or AVP measurements. 
However, some patients actually complain of symp- 
toms such as a heavy sensation as a result of venous 
retention, which is present even while they are walk- 
ing, In the present study, we observed an increased 
DeoHb level in such patients during walking exer- 
cise. These results are thought to explain the fact 
mentioned above, but are a variance with those of 
previous reports. The discrepancies between our 
findings and those of others may have arisen from 
differences in the duration and type of exercise used. 
In the actual NIPS measurements, he DeoHb level 
decreased until about 30 seconds from the beginning 
of exercise, then rose to varying degrees and reached 
a new plateau, which required at least 1 minute in the 
majority of patients. Thus there is a possibility that 
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APG or AVP measurements are performed for too 
short a period (the exercise duration is approximately 
10 seconds) to demonstrate the phenomena that 
were observed in our study. Another factor that may 
be related to these discrepancies i  inherent differ- 
ences in the exercises used. Although the tiptoe 
movements and walking both produce calf muscle 
contraction, walking involves a period during which 
the foot leaves the floor and the calf muscles relax. In 
contrast, some portion of the foot is constantly in 
contact with the floor during the tiptoe movement. 
We speculate that a period during which the calf 
muscles are completely relaxed influences results, but 
further study is necessary to clarify this issue. 
From the hemodynamic aspect, the clinical symp- 
toms of CVI are produced by venous hypertension, 
which results from the altered balance between calf 
muscle pump function and venous valvular dysfunc- 
tion 1'16 in the absence of venous obstruction. That is, 
if the venous valvular incompetence is severe and the 
reflux volume exceeds the ejection capacity of  the calf 
muscle pump in patients with CVI, the result is 
venous retention during exercise. Our data demon- 
strate that NIRS has the capacity to assess these 
phenomena objectively. Venous obstruction may be 
an important factor in the development of symptoms 
in CVI patients. However, in the current study, 
chronic venous obstruction was excluded because 
our aim was to evaluate the effect of venous reflux. 
We used the AVRI obtained from NIRS mea- 
surements in this study as a parameter for evaluating 
the clinical severity of CVI. The lower the expulsion 
volume during exercise (E in Fig. 3), the greater the 
venous reflux or retention (R in Fig. 3), and thus the 
greater the AVRI, which points to a higher severity 
of ambulatory venous insufficiency. AVRI showed 
trends indicative of progressive worsening of venous 
hemodynamics as the clinical severity progressed 
from normal to mild and from mild to moderate 
CVI. There was a significant difference between the 
normal subjects and the mild CVI group, and also 
between the mild and the moderate CVI groups. 
Moreover, among the patients with mild CVI, we 
found that there was a significant difference in the 
mean AVRI value between class 2 limbs with varicose 
veins but no edema and class 3 limbs with edema. 
These results suggested a wide hemodynamic distri- 
bution in the mild CVI group and that class 3 limbs 
with edema showed different hemodynamic states 
from those of class 2 limbs. These novel findings 
indicated that NIRS is more sensitive than other 
methods in terms of assessing the clinical severity of 
CVI, especially in distinguishing among mild to 
moderate CVI (classes 2 to 4). AVRI is a unique 
parameter obtained from NIRS that reflects both calf 
muscle function and venous reflux. The strong cor- 
relation between AVRI and the degree of CVI sever- 
ity constitutes evidence of the usefulness of this pa- 
rameter in the assessment of chronic venous disease. 
When the critical value of AVRI selected was equal to 
or exceeded 1.5, the sensitivity and specificity of 
AVRI studies in recognizing limbs as belonging to 
classes 4 to 6 were 82% and 87%, respectively. These 
results were comparable with those of  other methods 
for a single examinationY However, the number of 
class 4 to 6 patients was small, and further accumula- 
tion of data is necessary. 
In this study, however, we could not discriminate 
between moderate and severe CVI using NIRS. Nu- 
merous studies have focused on the relationship be- 
tween increasing clinical severity and hemodynamic 
venous deterioration, ls,19 but few attempted to dis- 
criminate between hemodynamic states of moderate 
and severe CVI. According to our AVRI results, 
venous hemodynamics are similar in these two 
groups. The ongoing clinical deterioration from 
moderate CVI to ulceration might be largely attrib- 
utable to microcirculatory alterations. Numerous re- 
ports have focused on morphologic and functional 
abnormalities of the microcirculation i  CVI pa- 
tients, such as changes in the number and structure 
of capillaries, fibrinolytic activity, trapping of white 
cells, and vasomotion. Further investigation is 
needed to clarify the possible roles of these abnor- 
malities. 
Each patient performed a treadmill walking test 
while NIRS measurements were obtained for 5 min- 
utes on average. As this study was designed to inves- 
tigate the magnitude of venous retention during 
walking exercise, we made it a rule to closely monitor 
DcoHb changes until the DeoHb level reached a 
stable plateau. We found that it took approximately 
100 seconds from the beginning of exercise to reach 
this new plateau (mean, 105.6 _+ 55.0 seconds; 
range, 42.6 to 282.9 seconds), and in some cases the 
time required was 4 minutes or more. Therefore, we 
chose a 5-minute exercise duration to confirm the 
new plateau reflecting the degree of ambulatory ve- 
nous retention. 
Hemoglobin quantification with this method is 
still difficult in the clinical setting, as it is nearly 
impossible to determine the actual ight beam path- 
length because of diffuse scattering and reflection of 
the beam in vivo. For this reason, the vertical scale 
unit used in Figs. 1 to 3 is relative. We started taking 
measurements with patients in the standing position 
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at rest and mainly observed relative changes in the 
DeoHb concentration during walldng exercise. 
Therefore, the "zero" level of the vertical scale rep- 
resents the DeoHb level in the standing position at 
rest. Because of the methodologic characteristics of
NIRS measurements, wecannot quantitatively com- 
pare the DeoHb concentration obtained in the 
standing position between the normal and varicose 
groups nor can we calculate the percent decline in 
DeoHb. However, as the major purpose of this study 
was to investigate venous hemodynamics during 
physiologic exercise, we consider it logical to inter- 
pret the relative change in DeoHb during ambula- 
tion, because venous function under dynamic ondi- 
tions still remains unclear. With regard to this point, 
AVRI reflects the degree of venous retention during 
walldng exercise and can thus serve us a useful pa- 
rameter providing information about ambulatory ve- 
nous hemodynamics in CVI. 
DeoHb changes may be affected by factors such 
as Po2, pH, and temperature, which shift the oxy- 
gen-hemoglobin dissociation curve and oxygen ex- 
traction induced by exercise. 2° It is widely recog- 
nized that as pH decreases and temperature 
increases, hemoglobin affinity for 02 diminishes. 
Therefore, it is reasonable to surmise that these shifts 
in the oxygen-hemoglobin dissociation curve leads 
to O 2 release, thereby increasing DeoHb in exercis- 
ing muscle regions with high metabolism, high O 2 
consumption, and increased local temperature. In 
the normal group, however, we found that the 
DeoHb level decreased and remained low during 
exercise, as expected. This result is in accordance 
with the plethysmographic findings that blood vol- 
ume in the calf is reduced by exercise (tiptoe move- 
ment). This observation suggests that DeoHb 
changes during exercise, as reflected by the NIRS 
data, are produced mainly by venous blood volume 
changes and that the effects of several factors that 
influence on tissue oxygenation arc much less impor- 
tant than this blood volume change in a dynamic 
condition such as walldng. 
There are several algorithms for calculating 
changes in OxyHb and DeoHb; both the two-wave- 
length method and the three-wavelength method are 
often used. 4,7,2t The algorithm of the three-wave- 
length method occasionally fails to trace blood vol- 
ume changes because, in a condition such as venous 
congestion, the signal of simultaneous changes in 
absorbance of the three wavelengths may be can- 
celed. Both retention and congestion remain impor- 
tant factors, along with blood volume changes, pos- 
sibly influencing the state of venous disease. For this 
reason, we used the t~vo-wavelength method (690, 
780 nm) in this study. It is necessary to choose an 
algorithm appropriate to the disease being investi- 
gated, although this issue merits further study. 
CONCLUSION 
NIRS can be used to noninvasively assess ambu- 
latory venous function in the leg as a whole and to 
evaluate the severity of CVI in patients with primary 
varicose veins. NIRS may also provide objective in- 
formation regarding the hemodynamic effect of sur- 
gical treatment and the natural history of chronic 
venous disease. 
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